Background: Posttraumatic stress disorder (PTSD) has been linked to cognitive decline, but research in women is generally lacking. We examined whether trauma and elevated PTSD symptoms were associated with worse cognitive function in middle-aged civilian women. A secondary objective was to investigate the possible role of depression in the relation of PTSD symptoms to cognitive function.
. Evidence suggests that the association between PTSD and impaired cognitive function is bidirectional. For example, research indicates that low intelligence and poor pretrauma cognitive function increase risk of developing PTSD (Brewin, Andrews, & Valentine, 2000; Macklin et al., 1998; Parslow & Jorm, 2007) . Indeed, prospective analyses indicated that poor predeployment visual immediate memory was associated with greater postdeployment PTSD symptom severity in a predominantly male sample of war-deployed soldiers (Marx, Doron-Lamarca et al., 2009 ). In addition, research suggests that PTSD is associated with acquired cognitive deficits. In a male Vietnam veteran sample, PTSD severity was negatively correlated with cognitive performance, even when cognitive measures were adjusted for estimated premilitary intelligence (Vasterling et al., 2002) . Additionally, among young adults exposed to a natural disaster, higher PTSD symptom levels (particularly reexperiencing symptoms) were associated with lower levels of verbal memory improvement from pretrauma to posttrauma, although those who developed PTSD had worse pretrauma cognitive function than those without postdisaster PTSD (Parslow & Jorm, 2007) . These findings highlight the bidirectional nature of the PTSDcognitive function relation. In another longitudinal sample of predominantly male, war-deployed soldiers, higher PTSD symptom levels were associated with worse attention 1 year after returning from deployment, over and above predeployment attention (Marx, Brailey et al., 2009 ). Furthermore, initial research in predominantly male samples of treatment-seeking older veterans has found that PTSD is associated with an approximately twofold increased risk of incident dementia (Meziab et al., 2014; Qureshi et al., 2010; Yaffe et al., 2010) . Notably, associations of PTSD with cognitive function have been largely independent of depression. Depression is frequently comorbid with PTSD (Kessler et al., 1995) , and has been linked to cognitive decline (Byers, Covinsky, Barnes, & Yaffe, 2012; Chodosh, Kado, Seeman, & Karlamangla, 2007; Rock, Roiser, Riedel, & Blackwell, 2014) .
Although studies suggest an association between PTSD and poor cognitive function, further research is needed to examine the generalizability of these findings. In particular, work in civilians, nontreatmentseeking individuals, and women will address key limitations of prior research. Studying nontreatment-seeking samples is especially important because ascertainment bias might inflate associations between PTSD and cognitive decline in treatment-seeking samples (i.e., if greater PTSD severity and cognitive difficulties both independently motivate greater engagement with healthcare providers). Furthermore, it is important to examine the relation between PTSD and cognitive function in women in particular. PTSD is twice as common in women than in men (Kessler et al., 1995) , and cognitive decline is more common in women because they live longer. Additionally, women are less likely than men to experience certain traumas, such as combat and accidents (Tolin & Foa, 2006) , that may result in severe head injury-a risk factor for dementia (Guo et al., 2000) . However, studies of PTSD and cognitive function in civilian women exposed to a wide range of traumatic experiences are generally lacking.
We investigated associations among trauma exposure, PTSD symptoms, and cognitive function in a large cohort of middle-aged women participating in the Nurses' Health Study II (NHS II). We hypothesized that, compared to no trauma, elevated PTSD symptoms would be associated with worse performance on measures of psychomotor speed/attention and learning/working memory. Consistent with previous research, we predicted that the PTSD symptomcognitive function relation would be independent of depression, although we hypothesized that comorbid elevated PTSD and depressive symptoms would have the strongest associations with cognition. 
MATERIALS AND METHODS

Participants
Trauma and PTSD symptom assessment
Trauma exposure was measured with a 16-item modified version of the Brief Trauma Questionnaire (Morgan III et al., 2001; Schnurr, Vieilhauer, Weathers, & Findler, 1999) , a reliable and valid trauma exposure measure that parallels interview measures (Schnurr et al., 1999) . Lifetime exposure to 15 traumatic events (e.g., physical assault, natural disaster exposure), in addition to "a seriously traumatic event not already covered," was assessed. Respondents reported whether events occurred, and identified the first event and the worst/most distressing event. The Short Screening Scale for DSM-IV PTSD (Breslau, Peterson, Kessler, & Schultz, 1999 ) was used to assess whether women ever experienced any of seven PTSD symptoms subsequent to their worst trauma. Women provided information on the following symptoms of PTSD only if they reported a history of trauma exposure:
(1) avoided places/people/activities associated with the trauma; (2) lost interest in important/enjoyable activities; (3) felt isolated/distant from others; (4) found it hard to have love/affection for others; (5) had a sense of foreshortened future; (6) had sleep difficulties; (7) became jumpy/easily startled. Reliability of self-reported age-of-onset of trauma and PTSD has been excellent in this sample (intraclass correlation coefficient = .95).
Women were classified into four groups indicating lifetime trauma/PTSD symptom status: (1) no trauma exposure, (2) traumaexposed with no PTSD symptoms, (3) trauma-exposed with one to three symptoms, and (4) trauma-exposed with four to seven symptoms. This classification was based on previous research with this screening questionnaire recommending a score of 4+ as a clinical cutoff for PTSD (Breslau et al., 1999) . This cutoff defined positive PTSD cases in other community-based samples with a sensitivity of 85% and specificity of 93% (Breslau et al., 1999) . 
Depression assessment
Cognitive assessment
Cognitive function was measured using the Cogstate Brief Battery (Fredrickson et al., 2010) , a self-administered online battery. The Cogstate Brief Battery has four tasks: Detection, Identification, One Card Learning, and One Back (see Supporting Information for details) (Fredrickson et al., 2010; Koyama et al., 2015) . The validity of Cogstate has been well established (Fredrickson et al., 2010; Maruff et al., 2004 Maruff et al., , 2009 ) with evidence of good criterion (Collie et al., 2002; Hammers et al., 2012) and construct validity (Hammers et al., 2012; Maruff et al., 2009 ). Moreover, Cogstate has been shown to be a sensitive indicator of early cognitive deficits (Maruff et al., 2009) . Cogstate performance has been found to be similar in supervised and unsupervised settings (Cromer et al., 2015) , and the feasibility and utility of an unsupervised, online administration of the brief battery has been demonstrated in a large population-based sample (Koyama et al., 2015) . Internet speed does not affect Cogstate performance data because the Cogstate tasks are first loaded via the Internet and then run locally on a participant's computer.
As in previous research (Koyama et al., 2015) , scores on the Detection, Identification, and One Back tasks were calculated by log 10 transforming mean response times for correct trials; scores on the One Card Learning task were calculated by arcsine transforming the square root of the proportion of correct responses. Some research suggests that composites formed from scores on the Cogstate tasks may be more sensitive measures of cognitive function than individual task scores Maruff et al., 2013) ; this approach is consistent with neuropsychological models that highlight the benefit of using composite scores in clinical research (Crane et al., 2008; Nuechterlein et al., 2008) . We created two composite scores based on withinsample z-scores for the individual tasks (task scores were standardized before being combined in composites). A psychomotor speed/attention composite averaged the Detection and Identification task z-scores, and a learning/working memory composite averaged the One Card Learning and One Back task z-scores (see Supporting Information for details) (Koyama et al., 2015) . These two composites have had high test-retest reliability and clinical utility in identifying cognitive impairment .
Covariates
Potential confounders included age at cognitive assessment, race/ethnicity (African American, Latina, Asian, Caucasian, other), parental education at participant's birth (high school or less, some college, 4+ years of college), husband's education (high school or less, 2-or 4-year college, graduate school), subjective social standing in the United States, and subjective social standing in the community.
Subjective social standing was rated on a 1-10 scale; lower scores indicated higher social standing. Adult body mass index (BMI, kg/m 2 ) was computed from height and weight self-reported in 2009 (Rimm et al., 1990) . Physical activity (<3, 3−<9, 9−<18, 18−<27, 27+ metabolic equivalent hours per week), cigarette smoking (nonsmoker, former smoker, current smoker of 1-14, 15-24, or 25+ cigarettes/day), parity 
Statistical analysis
Using established thresholds (Fredrickson et al., 2010; Koyama et al., 2015) , we excluded the small number of participants (n = 122, 0.9% of Cogstate completers) who failed integrity checks on all four tasks, which suggests that participants did not understand Cogstate instructions. We examined whether lifetime trauma and PTSD symptoms were associated with cognitive function using multivariable linear regression. Separate models were conducted for each cognitive composite; mean differences and 95% confidence intervals (CIs) were estimated. In one model, we adjusted for age at cognitive assessment. In a second model, we further adjusted for race/ethnicity; parental education, husband's education, and subjective social standing were also included as proxies for participants' socioeconomic status. In a third model, we additionally adjusted for depression. In a fourth model, we further adjusted for health behaviors and medical conditions.
To investigate how comorbidity of PTSD and depression might be associated with cognitive function, we categorized women into six groups: (1) no trauma/no depression, (2) no trauma/depression, (3) trauma only (reporting no PTSD symptoms)/no depression, (4) trauma only/depression, (5) PTSD (reporting 4+ symptoms) (Breslau et al., 1999) /no depression, and (6) PTSD/depression. We classified women as having depression if they had a CES-D score≥10 (Andresen et al., 1994) in 2008. In a secondary analysis, we classified women with a history of physician-diagnosed depression as having depression.
In these analyses, we focused on differences associated with trauma alone and probable psychiatric conditions (PTSD and depression) for clarity of presentation.
In supplemental analyses, we repeated the primary analyses for the individual Cogstate tasks. Additionally, since we were concerned about depressive symptoms near the cognitive assessment, we conducted a sensitivity analysis adjusting for depressive symptom severity from the 2013 questionnaire, along with Model 3 covariates. Analyses were conducted with SAS 9.4; a 2-tailed p-value of .05 was considered statistically significant.
RESULTS
Participant characteristics
Responders to the invitation to complete the Cogstate battery were highly similar to nonresponders (Table 1) . Women in these two groups were comparable on sociodemographics, trauma/PTSD symptom status, depression, health behaviors, and medical conditions relevant to cognitive function.
Characteristics for women in the analytic sample (n = 14,029) by trauma/PTSD symptom status are presented in Table 2 . The vast majority of women (81.6%) reported lifetime trauma exposure. Compared to women without trauma or with trauma and fewer than four PTSD symptoms, women with elevated PTSD symptoms (i.e., 4+ symptoms) had slightly worse subjective social standing and their husbands had lower educational attainment. Additionally, these women were more likely to be current or former cigarette smokers, and had higher BMI, lower physical activity, and higher prevalence of medical comorbidities. Women with elevated PTSD symptoms also had higher depressive symptom severity at trauma/PTSD assessment and higher prevalence of history of physician-diagnosed depression.
Trauma, PTSD symptoms, and cognitive function
Distributions of the Cogstate composites are shown in Figure 1 . The composites were relatively normally distributed, with a slight negative skew for psychomotor speed/attention. As expected, each increasing year of age was associated with significantly worse cognitive perfor- Compared to no trauma, elevated PTSD symptoms were associated with significantly worse cognitive performance on both composites (Table 3 ). In age-adjusted models, we found a mean difference of −0.08 (95% CI, −0.13, −0.03) for psychomotor speed/attention for women with four to seven PTSD symptoms versus women without trauma. Additionally, among women with four to seven PTSD symptoms, we found a mean difference of −0.10 (95% CI, −0.14, −0.06) for learning/working memory, compared to women without trauma.
The larger mean difference-that for learning/working memory-was equivalent to the mean difference associated with nearly 4 years of aging. Results of models adjusted for age and also sociodemographics (Models 1 and 2, Table 3) were nearly identical. Tests for linear trends of trauma/PTSD symptoms in these models were significant, ps < .01. Although attenuated, associations remained significant when adjusting for depressive symptoms and other cognitive risk factors (Models 3 and 4, Table 3 ). Trauma exposure alone and subclinical PTSD symptoms were associated with significantly worse cognitive function on the learning/working memory composite compared with no trauma in models adjusting for sociodemographics (Models 1 and 2, Table 3 ). However, effect sizes were smaller than for elevated PTSD symptoms (mean differences ranged from −0.04 to −0.05, compared to women without trauma). Furthermore, only the association between trauma exposure alone (vs. no trauma) and learning/working memory remained significant when adjusting for depressive symptoms and other potential confounders. Results were similar when we operationalized depression as a history of physician-diagnosed depression (Supporting Information Table S1 ). Results of the models for the primary analyses for the individual Cogstate tasks are presented in Supporting Information Table S2 . 
DISCUSSION
To our knowledge, this is the first study to demonstrate that ele- 
TA B L E 1 Characteristics of nonresponders and responders to Cogstate invitation
Nonresponders (n = 25,931)
Responders (n = 14,151) Moreover, strongest associations were observed among women with both elevated PTSD and depressive symptoms. PTSD and depression frequently co-occur (Kessler et al., 1995) , and women with comorbid PTSD and depression may be particularly likely to exhibit impaired cognitive function. However, it is worth noting that women with elevated PTSD and depressive symptoms in our study might have had F I G U R E 1 Distributions of Cogstate composite scores: (a) psychomotor speed/attention and (b) learning/working memory more severe PTSD manifestations, as co-occurring depression is often observed in individuals with higher PTSD symptom levels (Momartin, Silove, Manicavasagar, & Steel, 2004; Shalev et al., 1998) . Thus, findings from this group could reflect worse cognitive performance in women with particularly severe PTSD rather than comorbidity per se. Future research with diagnostic interview assessments of PTSD and depression is needed to better understand this issue. Women with trauma and probable depression, as well as those with probable PTSD without depression, also had worse cognitive performance on the different composites compared to women without trauma or probable depression. This latter finding indicates that PTSD alone may be related to poor cognition. These results add to growing evidence that mental health is not just associated with psychological experience but also long-term brain health (Frodl et al., 2008; Frodl & O'Keane, 2013) .
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Our findings build on prior studies of treatment-seeking, predominantly older, male veterans linking PTSD to worse cognitive function (Meziab et al., 2014; Qureshi et al., 2010; Yaffe et al., 2010) . We examined a large sample of middle-aged community-dwelling women who were exposed to a wide range of traumas. By demonstrating an association between PTSD symptoms and cognitive function in women from the general population, our results suggest that the findings of these previous studies were not solely due to ascertainment bias related to use of treatment-seeking samples. We also accounted for a wide range of potential confounders, including sociodemographics, depression, health behaviors, and medical conditions relevant to cognitive function. Notably, associations between elevated PTSD symptoms with cognitive function were almost identical in models adjusted for age and sociodemographics. Although this may reflect the relatively homogeneous sample (participants were predominantly white professionals), it also suggests that confounding by sociodemographics was unlikely. .58 -0.07 (-0.14, -0.003)
TA B L E 3
.04 -0.06 (-0.12, -0.001)
.05 -0.11 (-0.18, -0.04) .001
Learning/working memory (n = 11,383) .02 -0.14 (-0.19, -0.08) Several behavioral and biological mechanisms may underlie relations between elevated PTSD symptoms and cognitive function. For example, PTSD is associated with numerous behavior-related disturbances and conditions (e.g., physical inactivity (Chwastiak, Rosenheck, & Kazis, 2011) , obesity (Kubzansky et al., 2014) , and sleep disturbances (Germain, 2013) ) that may contribute to poor cognition (Barnes & Yaffe, 2011) . PTSD is also characterized by increased oxidative stress (Miller & Sadeh, 2014) and dysregulation of the hypothalamicpituitary-adrenal axis, neuroendocrine system, and inflammatory response (Brouwers, Wolf, & von Känel, 2016; Pitman et al., 2012) , which could lead to cognitive decline (e.g., via increased neuronal death) (Gorelick, 2010; Miller & Sadeh, 2014) . Animal research indicates that glucocorticoid exposure (like that resulting from chronic stress) can result in hippocampal damage (Sapolsky, Uno, Rebert, & Finch, 1990) , and it is possible that these psychiatric disorders may inflict damage on the brain (Kasai et al., 2008) although we note that our study does not address these causal relations directly. However, neural structural deficits may also be risk factors for PTSD that predate trauma (Gilbertson et al., 2002) . Research that distinguishes between preexisting and acquired brain deficits is critical to establishing mechanisms and, eventually, interventions.
Several limitations of the current study merit consideration. First, lifetime PTSD symptoms were measured with a DSM-IV PTSD screening questionnaire, and research using gold-standard diagnostic interviews updated for DSM-5 is needed. However, our less rigorous measures would likely lead to misclassification and bias results toward the null rather than create spurious associations. Additionally, further research examining how PTSD duration and remission influence associations with cognition is needed in order to develop a more nuanced understanding of the PTSD-cognitive function relation. Second, similar to many studies of PTSD and cognitive function (Schuitevoerder et al., 2013; Scott et al., 2015; Yaffe et al., 2010) , we lacked measures of pretrauma cognitive function. It is possible that lower cognition preceded, rather than resulted from, trauma/PTSD symptoms. Our findings require confirmation in research with pretrauma measures of cognitive function. Third, the Cogstate battery was administered several years after the PTSD and depression measures. Accordingly, we were able to include a slight lag between our hypothesized risk factors and cognition to reduce the possibility of reverse causation (Koyama et al., 2015) , but were unable to capture current PTSD or depression status at cognitive assessment. This aspect of our study would likely bias results toward the null. Fourth, although likely minimal, variability in hardware and situational factors could have contributed to increased noise in the Cogstate data, which would also be expected to bias results toward the null. Fifth, although we assessed several domains of cognition using the Cogstate battery, further research with more comprehensive neuropsychological batteries is needed to understand the full extent of associations between elevated PTSD symptoms and cognitive function. Sixth, women needed to remain in the NHS II until 2008 to provide trauma/PTSD data. Survivor bias is thus a potential concern, although only 1.6% of the cohort (n = 1,826) was deceased by trauma/PTSD assessment. Selection bias is also a potential concern.
Only a subset of the NHS II cohort was eligible to complete Cogstate, and 35% of those invited to participate did so. Nevertheless, Cogstate responders and nonresponders were highly similar on numerous characteristics.
CONCLUSIONS
Risk factors in mid-life play a role in later cognition (Launer, 2005) .
Thus, it is essential to identify determinants of early cognitive decline in middle-aged individuals. Our findings suggest that elevated PTSD symptoms (with and without comorbid depression) are associated with worse cognitive function in middle-aged women. Future research is needed to examine how PTSD symptoms in civilian women relate to trajectories of cognitive decline over time and if they predict faster onset of disorders such as dementia. Ultimately, results that elevated symptoms of PTSD (and depression) are negatively associated with cognitive function in middle-aged women from the general population emphasize that mental health has significant implications for other major health outcomes as women age.
